1. Introduction:-Studies on the magneto-transport properties of a periodically driven graphene [1] [2] [3] microstructures is one of the most interesting research topic in recent years, both theoretically and experimentally mainly because of their potential importance for the purpose of magnetic information storage devices as well as for the preparation of magnetic quantum dots to be used in the field of quantum computation. In particular, the current interest in the study of Giant Magneto Resistance (GMR) effect 4, 5 modulated by magnetic barriers (e.g., magnetic vector potential) is one of the principal importances in this regards. The use of magnetic barriers [6] [7] [8] (instead of the electrostatic one 9, 10 ) in graphene is one of the efficient pathways to circumvent the severe limitation imposed on graphene (due to the Klein tunnelling effect 10, 11 ) for its fruitful exploitation in the field of digital electronics.
The kinetic transport in graphene under the action of an external uniform magnetic field exhibits an extraordinary property of unconventional half integer quantum Hall effect 12, 13 that could be explained by the existence of relativistic Landau Levels formed by the charge carriers 14 . On the other hand, the use of an inhomogeneous magnetic field introduces the concept of graphene magnetic barrier 6 that totally reflects an incoming electron (thereby suppressing the Klein effect) with energy less than a threshold value related to the total magnetic flux through the barrier 6, 8 . Now, when such graphene magnetic barrier is made to be driven by an external oscillating scalar or vector field, many exotic properties could stem from the nano scale multiple field coupling [15] [16] [17] [18] [19] [20] [21] [22] [23] and is therefore quite worth studying particularly in the perspective of its high demand in designing electric field (A.C.) tunable graphene based digital nano-devices.
Further, such studies also bear fundamental importance since the underlying quantum physics deals with the interaction between the discrete and the continuum via the exchange of photons. Motivated by all these, the present study addresses the effect of the simultaneous interaction of the chiral Dirac fermions with an oscillating scalar potential and a static 3 magnetic vector potential on the transmission profiles of the electron through graphene based tunnelling microstructures.
In a recent work 24 , we studied the electron transmission through a single vector potential barrier (equivalent to two spatially separated δ function magnetic barriers in opposite direction) in graphene based nanostructure in presence of an external laser field. This work is supposed to be the first attempt to study externally driven graphene magnetic barrier structure. However, the δ-function 24-27 type barriers to some extent arise in idealistic situations and are mainly adopted for mathematical simplicity while the realistic situation demands the use of finite width magnetic barriers. In contrast to Ref. [24] , the present work deals with a finite width magnetic barrier in presence of an oscillating electric field (instead of laser for the sake of mathematical simplicity). In fact, the problem of laser assisted transmission of the chiral Dirac fermion through a finite magnetic barrier is a bit difficult to solve theoretically, as the final solution becomes almost a formidable task. Apart from the finite width magnetic barrier, we have also studied the case for a pair of δ-function magnetic barriers that exhibit interesting Fabry Perot interference also discussed in the context of laser assisted tunnelling 24 . Here special attention will also be given on the Fabry Perot resonances 28, 29 , a widely discussed topic in optics, where a photon bounces back and forth between two coplanar semi transparent mirrors and the successive partially transmitted beams interfere coherently to produce the famous Fabry Perot interference pattern. The present study also aims at studying the effect of an oscillating potential (electrostatic) on the magnetic field induced quasi-bound states 6, 8 in the framework of Floquet non-perturbative approach [30] [31] [32] , supposed to be the most well known efficient technique for dealing with driven quantum systems.
The importance of the present work regarding the application of a time periodic potential with particular emphasis on photon assisted transport in graphene [33] [34] [35] [36] [37] [38] 
Theoretical Model:
The two band Dirac-Weyl Hamiltonian of a monolayer graphene in an external magnetic field described by a space dependent vector potential can be written as, .
where is the Fermi velocity = c/300, 'c' being the velocity of light; , are the Pauli matrices representing pseudo-spin analogous to the original spin; , is the momentum operator in the graphene plane (x, y); 'e' being the electronic charge; the vector potential is uniform along the y-direction but varies along the x-direction. The magnetic field is chosen along the z direction, perpendicular to the graphene plane.
For a rectangular magnetic barrier of length L, the vector potential profile ( Fig. 1(a) ) polarized along the y-direction and the corresponding magnetic field profile ( Fig. 1(b)) along the x-direction are respectively given by;
Here is the length scale with a typical magnetic field strength ; The above potential profile can be created by depositing a ferromagnetic strip on top of the graphene layer 6, 8 .
Let us now assume that a time varying sinusoidal scalar potential is applied in the region | | /2 ( Fig. 1(c) ), where and ω are the amplitude and frequency of the oscillating potential respectively. Thus, in the region II ( , Using all these, the wave equation for the Dirac fermion ends up with two coupled differential equations: (8) with .
The solutions in regions I and III are of the same form as in our previous work 38 .
Finally, matching the pseudospin components at the two interfaces ( /2 and In order to comprehend the effect of the external scalar time periodic potential on the electronic transport through a graphene vector barrier, we display in Fig. 3(a) , the T c for ω = 0.5 and V 0 = 1 (other parameters same as Fig. 2(a) ). Since the under barrier transmission coefficient is of ~ of 10 -6 even in presence of the oscillating field, we plot only the above barrier transmission throughout the paper. The Fabry Perot (FP) oscillations in the energy dependent transmission are noted to be modified appreciably in presence of the oscillating field as compared to the static condition. Interestingly, although the magnitude of the modification is oscillatory at lower incident energy, it is monotonic for higher energy of incidence on the vector barrier. As regards the qualitative aspect, it is noted that at low incident energy, the modified FP oscillation is in phase with that under the static condition while at higher incident energy, there is a 180 0 phase difference between the two. In contrast, for the case of oscillating scalar barrier (vide Inset of Fig. 3(a) ), the FP oscillations appear as a step like pattern at lower incident energy whereas the oscillation almost dies out approaching T c ~ 1 at the higher value of the incident energy. Fig. 4(c) ). Further, the number of nodes increases with the increase in ω (e.g., two for ω = 0.4, as displayed in Fig. 4(d) ), keeping the mean transmission almost the same as that noted in the absence of the oscillating field.
The modulation of the FP oscillation induced by the oscillating field is also sensitive to the sign of the angle of incidence on the vector barrier (VB). It is already known that the isotropy of transmission through the electrostatic (scalar) barrier disappears due to the 11 application of the vector potential 6 . The basic differences between the FP transmission (for the static vector barrier) for +ve and -ve k y are as follows: i) for the -ve k y , the separation between the FP maxima increases with increasing energy more rapidly than that for the +ve k y and ii) the T c at the FP minima is greater for the latter than that for the former. Now in presence of the oscillating potential (vide Fig. 5 and Inset), the modification of the low energy above barrier FP transmission for the +ve k y is more oscillatory as compared to the case for the -ve k y . The suppression of transmission is more prominent for the +ve glancing incidence than that for the negative one.
Another salient feature of the present time dependent magneto-tunnelling problem is the appearance of the Fano resonance in the transmission spectra that arises due to the coupling between the continuum and the discrete states via photon exchange. The type of the On the other hand, the photon absorbed process depicts a less contrasted FR at lower energy while the photon emitted process exhibits the same at higher energy. This is probably due to the fact that the photon emitted transmission starts at a comparably higher energy due to unavailable electronic states inside the barrier. It may be mentioned 6 that under the field free condition the electron can transmit through the barrier with finite probability only for the angle of incidence ( ) satisfying the condition , so that for positive glancing incidence no transmission occurs for (as is noted from Fig. 9(a) ). In contrast, for negative glancing incidence, the above momentum conserving relation is satisfied with allowed values of the angle of transmission θ and therefore the T c is found to be appreciable for E either greater or less than the product of LB. Regarding the effect of time varying field Fig. 9 
